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"Preparative Procedures for Porcine Islets" 



We DIATRANZ LIMITED, a company duly incorporated under the laws 01 iNew **a^ 

W6 ' . p nT , a toetoe Auckland New Zealand, do hereby declare this 

of 19 Laureston Avenue, Papatoetoe, AucKianu, 

invention to be described in the following statement: 
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The present invention relates to improvements in and/or relating to the treatment of 

diabete The present invention relates to the treatment of a mammalian patient suffering 
from di^et ( Lluding humans, which involves the transplantation into the mamma, of 
vie encapsulated porcine istets capable of producing insulm ^ 
Tvpe 1 (insulin-dependent) diabetes mellitus is a common endocnne disorder that 
results Substantial morbidity and mortality, and leads to considerable financal costs to 

^^^Z^^- - - no. P-de sufficient confro, 

ofMooSn* P-ent the feared complications of the disease, which has provded 
of blood glucose p rf sustaimng noimog , vc aem,a. 

,he impetus for mtenstve research mto b ^antation of 

Am one the newer treatment ^^5^. — - . A 

oancreaT Z slet cells, obtained either from other humans or animals, has recewed the 
mra^tiorLldwide. This is because transplantation can restore not only the msulm- 
ZZZ*. bu, also the precise fine tuning of M 
neural and humoral signals arising within ^ ^ f ^ ^ 

Human islet cell transplantation ts lrmited by the shortage <* 
The use of pig islet cells is currently viewed as the most prormsmg alternate smce. 

(a) Z supply of pig cells can be readily expanded by optimising the supply of 
donor animals; 

CM Pig and human insulin have close structural similarmes; and 
n «+;» n t enfferine from diabetes which comprises: 

' (If exacting pancreatic P islet cells from piglets at or near full term gestat.on; 
fh\ trpatine said islets with nicotinamide, 

" llg said isle, in a biocompatible materia, which will al ow ,„ 
( vivo glucose movement to and insulin movement from the » lets and 
(d) injecting the encapsuiated is,et cells of step (c) so as to transplan mto satd 
( mammalian patient an effective amount of viable pigle. ts.et cells capable 
of producing insulin in the patient, and 



(e) (optionally) administering nicotinamide to said mammalian patient at least 
subsequent to transplantation; and 

(f) (optionally) administering a casein-free as herein defined diet to said 
mammalian patient the procedure being characterised in that the harvesting 
of the islets at least during any substantial confrontation (eg; mincing and/or 
enzymatic challenge) is in the present of a trauma protecting agent. 

As used herein "administering" includes self administering. 

Preferably said trauma protecting agent for the islet cells is used during the 
isolation and/or preparation thereof for encapsulation. 

Preferably said agent is a trauma protecting agent selected from suitable anaesthetic 
agents such as, for example, lignocaine. 

Preferably said piglets at or near full term gestation from which the pancreatic P 
islet cells are extracted are at from -20 to +10 days full term gestation. 

Preferably said piglets are at from -7 to +10 days full term gestation. 

Preferably said encapsulation is with an alginate material (preferably sodium 
alginate) (whether after pre-coating or not with some other material). 

Preferably said alginate (preferably sodium alginate) is in ultra pure form. 

Preferably each islet or grouping of islets is entrapped in an in vivo insulin and 
glucose porous biocompatible alginate or alginate like surround. 

Preferably such coating prevents, once implanted, direct tissue contact with said 
islets and/or any pre-coating matrix which itself has the requisite porosity once implanted. 

Preferably each encapsulation involves presenting islets and a suitable alginate 
solution into a source of compatible cations thereby to entrap the islets in a cation - 
alginate gel. 

Preferably said cation alginate gel is calcium-alginate gel. 

Preferably said alginate used in the solution is sodium alginate. 

Preferably the islets and sodium alginate solution (preferably 1.6% w/w) is 
presented as a droplet (eg. through a droplet generating needle) into a bath of suitable 
cations (eg. gelating cations such as calcium chloride). 

Preferably the gel encased islets are coated with a positively charged material and 
thereafter optionally are provided with an outer coat of a suitable alginate. 

Preferably said positive charging material is poly-L-ornithine. 

Preferably the gel entrapping the islets within the outer coating is then liquified. 

Preferably said liquification is by the addition of sodium citrate. 

Preferably said capsules contain a plurality of islet cells (preferably about three) 
and preferably have a diameter of from about 300 to 400 microns. 

After liquification of the alignate entrapping the islets, the "capsules" are washed, 
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and again coated with alignate which neutralizes any residual change on the poly-L- 
ornithine coating and prevents direct contact of the poly-L-omithine with tissues when the 

entire capsule is transplanted. „„..,. 

Preferably the alginate production process has involved the following steps: 
Seaweed harvest-Washing- Alginate extraction-Filtration (preferably a 0.2 

filter— Precipitation— Drying. 

Preferably the ultrapure alginate is Kelco LV produced by Monsanto-Kelco, US 

and has the following specifications 

1. Viscosity: 2% - 100-300 cps (Brookfield 25°C, speed 3,60 rpm) 

2. pH: 6.4-8.0 

3. Protein content <0.5% 

a thi^p^.w .tJ^poush 0.2 uzn 

5. Chemical analysis: 

Ca:<100ppm Mg<40ppm Mn:<10ppm 
Cu:<40ppm Zn:<40ppm Sr: <40 ppm 

Fe: <60 ppm Pb: <50 ppm As: <1 OOppb 

Hg- <40 ppb Si: < 1 0 ppm 

6. Endotoxin level - measured by LAL test (at University of Perugia): 39 EU/g 
[NB. Any level below 100 EU/g in this test is considered endotoxin-free] . 

7. Molecular weight: 120,000 - 190,000 kD 

8 . Mannuronic acid (M) content: M fraction (F m ) 6 1 % 
9 Guluronic acid (G) content: G fraction (F G ) 39% 

Preferably the filtration has been with a multiple filtration process employing 
positively charged filters that remove any lipopolysaccharide content. 

Preferably said pancreatic P islet cells at some stage after extraction from the 
piglets and prior to encapsulation are exposed to IgF, . + 

Preferably said exposure to IgF, is greater for those cells from piglets furtherest 
from full term gestation but preferably there is exposure to IgF, for all cells extracted 
irrespective of their relationship to full term gestation. 

Preferably the mammalian patient is administered nicotinamide prior to 

transplamation.^ ^ ^ ^ ^ defmed diet is admm i S tered to the mammalian 

patient at least after transplantation. . 

Preferably a casein-free as herein defined diet is administered prior to 

transplantation. . 

In a further aspect the present invention consists in encapsulated pancreatic islets 

of a kind useful in a method aforesaid. 
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in still a farther aspect the present invention consists in a method of porcme P 
hi* cel. production and/or method of xenotransp.ati.n thereof in an 
tm when preformed by a procedure substantia.* as hereinbefore descnbed and/or 
fuhllny as hereinafter descnbed and/or as shown in Figure , of*, accompany 

"n'stiH a further aspect the present invention consist in a xenotransp.antab.e 
capsu. or encapsu.ated mass of at .east one porcine pancreatic p is.et cell extiacted 
ftom pancreanc issue in the presence of a trauma protecting agent enc.osed ,n an ,n v,vo 
alucose porous and insulin porous biocompahb.e material. ...... 

Preferably said trauma protecting agent for the id* cells ,s used dunng the 
illation and/or preparation thereof for encapsulation. 

agents such as, for example, lignocaine. 

Preferably said preparation inc.udes any of the steps or preferments herem 

refers to mi, k which does not contain a diabetogenic 

factor, particular* to mi* containing no variant of P-"* — ^ 
diabetogenic activity in humans. With reference to International PCT Apphcanon WO 
90714577 anon-diabetogenicvariantforexample, may betheA2vanan.ofP-casem.The 

are here included by way of reference. 

The major advantage of porcine is.et cell transplantation over human tslet cell 
transplantation is mat the islet cell source can be readily expanded, and the b.osafety of 
T 1 can be thoroughly exp.ored prior to transplantation. From a practica. vtewpom 
pancreas removal and islet cell iso.ation can be performed expechtious.y m an tdea. 



environment. 



taPortant considerations relevant to the use of porcine islet cells in transplantation 
approaches for type 1 diabetes include the following: 

The structural and biological similarities of porcine and human msulm 
. The fact that porcine insulin has been used to treat diabetes for several decades 

(and has only been replaced by human sequence insulin relatively recently); and 
. The similarity of physiological glucose levels in pigs and humans. (Wevr & 
Bonner-Weir 1997). This effectively means that pig islet cells -» b "*P^ ° 
react similarly to theirhumancounterpartsinmaintainingeqmvalentblood glucose 

concentrations. 

i The nature of the disease causing diabetes: successful long-term 
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N. krae animal model of autoimmune diabetes exists, 
hypothetical m humans. 

these highly speciansed tissues. Such trautna can induce necrosis or apoptos.s - the latter 

being quite delayed. presses used by us in both the 

Further trauma may result from encapsulation. Processes useo. oy 

Umtog islet trauma during purification, and assuring sufficient maturate of the islets 
for stimulated insulin production to occur. 

3 Drugs use, in ,he recipient: transplantation does not require and avoids fte need 
for cytotoxic agents to suppress the immune system. Such agents are 
finite microcapsule and cause isle, toxicity, as well as causing sy*em.c toxicity, 
nstead, nicotinamide and a special diet are used (for rationale, ^ "^^y 
The transplantation procedures of our earlier patent specification have the .tatty 
OV er a p^od J>r to rejection of providing porcine insulin. In mis .spec,, we ourselves 

C ° ndU ™" «c ad— received 10,000 free islets/lcg bodyweight by 
intrape^ ^injection. The islets were located from term piglets ustng the standard 
coZ-ase dige tion, purification and culture techniques described ,n section 3.2. M 
Ct^en« re.ived oral nicotinamide (1.5 g/day) and a casein-free as herein defined 
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was no, dearly dose-related, was noted in the firs, week after transplantation. The 
reduction in insulin dosage range from 21 to 32%, and the response lasted for up to 14 
weeks However, insulin doses subsequently returned to their prevous levels. 

The most likely reason for the transplant failure in these patients was chrome 
rejection. However, no adverse effects were noted. 

We have now shown alginate-encapsulated porcine islet cell transplants m two 
human diabetic patients, pro.onged functioning of the <«^7*J** ™ 
transplanted by intraperitoneal injection, one patient recetvmg 15,000 lEQ/kg (total 
1 300 000 islets) and the other 10,000 IBQ/kg (total 930,000 islets). Bom patients were 
treated pre- and post-transplantation with oral nicotinamide and a soy-based/casem-free 

as herein defined diet. 

The preferred procedure as shown in Figure 1 was used for the preparation, the 

encapsulation being as aforesaid. Islet cells of -7 days * +10 days foil gestation were 

used. 



DATED THIS 1<^ V ^ DAY OF^V^M ScCO 

AJ Park 

PER ly^JU^J 
.GENTS FOR THE^AFPLICANT 



h:\library\patents\djj\specs\420495 
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